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(54) LOW THERMAL EXPANSION Fe-BASE HEAT RESISTANT ALLOY, EXCELLENT IN 
HIGH TEMPERATURE STRENGTH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the high temperature strength of a low thermal 
expansion Fe-base heat resistant alloy. 

SOLUTION: The alloy has a composition consisting of, by mass, <0.2% C, <1.0% Si, <2.0% 
Mn, 2.0-8.0% Cr, 1.0-2.0% Al, 1.2-2.5% Ti, 3.0-6.0% Nb, 30-35% Ni, 20-30% Co and the 
balance essentially Fe besides impurities and having the following relations: A value 
represented by (A value)=(AI+Ti+Nb), by mass, is >6.2%; B value represented by (B value) 
=3.44AI/(3.44AI+1.94Ti+ Nb), by mass% ratio, is 0.3-0.5; C value represented by (C value)= 
(Al/Ti), by atomic % ratio, is 1.1-1.8; and D value represented by (D value)=(Ti/Nb), by atomic 
% ratio, is 0.4-1.0. Moreover this alloy has the following: >500 MPa high temperature tensile 
strength at 800°C; <12 *10-6/°C average coefficient of thermal expansion at 30-500°C; and < 
3.0g/m2 increase in quantity of oxide after heating for 100 h in the air of 800°C. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In mass %, C:0.2 or less, less than [ Si:1.0 ], less than [ Mn:2.0 ], Cr:2.0-8.0, aluminum:1.0- 
2.0, Ti: 1.2-2.5, Nb:3.0-6.0, nickel:30-35, and Co:20-30 are contained. By and mass % By more than A 
Value =(aluminum+Ti+Nb):6.2 and the mass % ratio, by B value =3.44aluminum/(3.44aluminum+1.94 
Ti+Nb):0.3-0.5 and atomic % ratio C-value =(aluminum/Ti): It is the high intensity Fe radical heat- 
resistant alloy of the low thermal expansion which has the relation of 1.1-1.8 and D value =(Ti/Nb):0.4- 
1.0, and was excellent in the oxidation resistance characterized by the remainder consisting of Fe 
substantially except for an impurity. 

[Claim 2] Furthermore, the high intensity Fe radical heat-resistant alloy of a low thermal expansion 
excellent in the oxidation resistance according to claim 1 characterized by containing one sort of Mo and 
W not more than :(Mo+0.5W) 3.0, or two sorts in mass %. 

[Claim 3] As the 1st group, in mass % furthermore, as one sort B:0.02 or less and not more than Zr:0.1 
or two sorts, and the 2nd group In mass %, as one sort Y:0.2 or less and not more than REM:0.2 or two 
sorts, and the 3rd group The high intensity Fe radical heat-resistant alloy of a low thermal expansion 
excellent in the oxidation resistance according to claim 1 or 2 characterized by including one group of 
one sort less than [ MgO.02% ] and not more than calciumO.02% or two sorts, and ******** j0r two or 
more groups in mass %. 

[Claim 4] For a 30-500-degree C average coefficient of thermal expansion, at 500 or more MPas, the 
oxidation loading after lOOhr heating is [ the elevated-temperature tensile strength in 800 degrees C ] 3.0 
g/m2 in 800-degree C atmospheric air less than [ 12xl0-6/degree C ]. High intensity Fe radical heat- 
resistant alloy of a low thermal expansion excellent in oxidation resistance given in either of claims 1-3 
characterized by being the following. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the heat-resistant alloy for which it excels in the 
reinforcement of ordinary temperature, the oxidation resistance in an elevated temperature, and 
reinforcement, and a low coefficient of thermal expansion is needed. It is related with the high intensity 
heat-resistant alloy of the low thermal expansion used for the composite components especially used for 
the ceramics or cemented carbide, joining, a gas turbine member, e tc. 
[0002] ^ 

[Description of the Prior Art] In recent years, the alloy equipped with higher proof stress and tensile 
strength from the ordinary temperature to the elevated temperature is required with lifting of the service 
temperature of gas turbine components. Simultaneous, like the turbo color which joins the ceramic rotor 
and metal shaft of a turbocharger, in order to maintain various kinds of components and the path 
clearance between members to a constant rate from ordinary temperature to an elevated temperature as a 
metallic material used for low thermal expansion ingredients, such as ceramics and cemented carbide, 
joining, the ingredient with a low coefficient of thermal expansion is demanded. 
[0003] That is, though it is low thermal expansion as such an application, the demand of the metallic 
material which has high temperature strength is increasing increasingly. Furthermore, the oxidation- 
resistant improvement at the time of using it for these applications at an elevated temperature is 
demanded. 

[0004] As an alloy applicable to this application A low thermal expansion alloy given in JP,53-6225,A 
(They are nickel:30-57, Cr:1.7-8.3, Ti:l-2, Nb+0.5Ta: 1.5-5.0, Co:<=31, aluminum<=1.5, C:<=0.2, 
Mn:<=2.0.Si:<=1.0, B:<=0.03, and Remainder Fe at mass %) The alloy which the invention-in-this- 
application person etc. indicated in JP,6-228714,A previously (C:0.2 or less by mass %) Si: Less than 
[ 1.0 ], less than [ Mn:2.0 ], and Cr:4 are exceeded, 10 or less and aluminum: 1.0 are exceeded, and there 
are less than [ more than nickel:20 30 ], Co:20-35, etc. by 2.0 or less, Ti:0.3-3.0, Nb+0.5, and Ta: 1.5-7. 
[0005] Moreover, in nickel radical heat-resistant alloy with good high temperature strength, 
WASPALOY (trademark of United Technologies) is typical. This alloy is used for the components of 
the jet engine with which severe high temperature strength and severe oxidation resistance are demanded 
etc. 
[0006] 

[Problem(s) to be Solved by the Invention] If plastic deformation is easily caused at an elevated 
temperature in the case of the metallic material used as joint material with low thermal expansion 
ingredients, such as ceramics, the function as joint material cannot be achieved. Therefore, this 
application requires high proof stress together with hot high tensile strength with a low coefficient of 
thermal expansion. Moreover, it must take into consideration that an ingredient with which an 
embrittlement phase will deposit and reinforcement will fall if it is simultaneously used at an elevated 
temperature for a long time cannot be used at an elevated temperature. 

[0007] However, it is admitted that an organization destabilizes and high temperature strength falls 
when the low thermal expansion alloy indicated by said JP,53-6225,A is put to the elevated temperature 
to about 900 degrees C for a long time exceeding 700 degrees C. Moreover, since there are also few 
contents of Co to a rate with nickel, lowering raising and high temperature strength is admitted in a 
coefficient of thermal expansion. About high temperature strength, it is understood as originating in that 
there are few total amounts of Ti and Nb which form gamma'phase other than aluminum. Moreover, 
since nickel is less than 30% similarly, when the elevated-temperature long duration activity also of the 
alloy indicated by JP,6-228714,A which the invention-in-this-application person etc. indicated is carried 
out, a base organization may destabilize and high temperature strength may fall. Therefore, it cannot be 
said that the above-mentioned existing alloy is fully satisfied as a metallic material used for the above- 
mentioned application. 

[0008] Moreover, although it shows good high temperature strength and the outstanding oxidation 
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resistance, since nickel radical heat-resistant alloy represented by said WASPALOY is austenite, its 
coefficient of thermal expansion is high, and is unsuitable for using it for the above-mentioned 
application. 

[0009] Then, having the same low coefficient of thermal expansion as the existing alloy given [ above- 
mentioned ] in JP,53-6225,A, rather than this alloy, hot structural stability is good and this invention 
aims to let it to excel in oxidation resistance and offer the high intensity Fe radical heat-resistant alloy of 
low thermal expansion with reinforcement high from the ordinary temperature near nickel radical heat- 
resistant alloy to an elevated temperature. It is in offering the heat-resistant alloy which fitted 
components, such as a gas turbine member, and ceramics, composite with cemented carbide, especially. 
[0010] 

[Means for Solving the Problem] Invention-in-this-application persons resulted in this invention that it 
was important to stabilize more gamma' (gamma prime) phase which is gamma (austenite) phase and the 
precipitation-strengthening phase which are a base by introducing the concept of a header, Following A, 
B and C, and a D value, in order to raise high temperature strength further that the above-mentioned 
trouble should be solved, as a result of experimenting for a Fe-Co-nickel system alloy. 
[001 1] Namely, the high intensity Fe radical heat-resistant alloy of a low thermal expansion excellent in 
the oxidation resistance of this invention In mass %, C:0.2 or less, less than [ Si: 1.0 ], less than 
[ Mn:2.0 ], Cr:2.0-8.0, aluminum: 1.0-2.0, Ti:1.2-2.5, Nb:3.0-6.0, nickel:30-35, and Co:20-30 are 
contained. By and mass % By more than A Value =(aluminum+Ti+Nb):6.2 and the mass % ratio, by B 
value =3.44aluminum/(3.44aluminum-i-1.94 Ti+Nb):0.3-0.5 and atomic % ratio C-value = 
(aluminum/Ti): It has the relation of 1.1-1.8 and D value =(Ti/Nb):0.4-1.0, and is characterized by the 
remainder consisting of Fe substantially except for an impurity. 

[0012] Moreover, the high intensity Fe radical heat-resistant alloy of a low thermal expansion excellent \ 
in the oxidation resistance of this invention Things are made, containing one sort of Mo and W not more 
than :(Mo+0.5W) 3.0, or two sorts in mass % ~ as the 1st group further In mass %, as one sort B:0.02 or\ 
less and not more than ZnO.l or two sorts, and the 2nd group In mass %, one group of one sort less than/ 
[ MgO.02% ] and not more than calciumO.02% or two sorts, and ******** 0 r two or more groups can be 
included by mass % as one sort Y:0.2 or less and not more than REM:0.2 or two sorts, and the 3rd 
group. 

[0013] Moreover, elevated-temperature tensile strength [ in / in the high intensity Fe radical heat- 
resistant alloy of a low thermal expansion excellent in the oxidation resistance of this invention / 800 
degrees C ] is 500 or more MPas, a 30-500-degree C average coefficient of thermal expansion is less 
than [ 12xl0-6/degree C ], and the oxidation loading after lOOhr heating is 3.0 g/m2 in 800-degree C j 
atmospheric air. It is characterized by being the following. ^ 
[0014] gamma' phase which is the above-mentioned precipitation-strengthening phase is the 
intermetallic compound which consists of nickel3 aluminum, and after various consolidation elements 
other than aluminum, such as Ti, Nb, Cr, and Mo, have dissolved, it exists. Especially the elements 
dissolved and strengthened to the aluminum side in gamma' phase are Ti and Nb. The heat-resistant 
alloy of this invention attained stabilization of gamma' phase by introducing A, above-mentioned B and 
above-mentioned C, and the concept of a D value, and controlling the addition of three elements of 
aluminum, Ti, and Nb. 

[0015] That is, higher high temperature strength was able to be obtained by making A value of the total 
amount of addition 3 elements aluminum, Ti, and Nb or more into 6.2 by mass %. Moreover, when a 
mass % ratio describes B value of the quantitative ratio of aluminum occupied in addition 3 element on 
the basis of Nb, it is expressed with B value =3.44aluminum/(3.44aluminum+1.94 Ti+Nb). B value of 
this aluminum quantitative ratio was made into within the limits of 0.3-0.5, and related C value 
=aluminum/Ti of aluminum and Ti was set to 1.2-1.8 by atomic % ratio, and it was conventionally made 
clearer than an alloy by controlling related D value =Ti/Nb of Ti and Nb to be set to 0.4-1.0 by atomic % 
ratio that the organization which was made to stabilize gamma' phase and was stabilized more to the 
pyrosphere, and a good mechanical property were acquired. 

[0016] As mentioned above, in order to raise high temperature strength, it is an effective means to make 
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the amount of the element which constitutes gamma 1 phase increase, and this invention alloy was able to 
obtain high aluminum quantitative ratio in gamma' phase by making the amount of aluminum into the 
addition exceeding 1.0% higher than the conventional low thermal expansion heat-resistant alloy. Hot- 
working nature and high temperature strength were able to be reconciled by finding out large Ti of 
effectiveness and the optimal addition range of Nb which are that over there and carry out solid solution 
strengthening of the gamma' phase other than aluminum in the direction which leads to on the other 
hand the amount of deposits of the high amount of aluminum of gamma* phase increasing, and injures 
hot- working nature. 

[0017] When the addition of Ti was increased and long duration maintenance is carried out at the 
elevated temperature to 900 degrees C exceeding 700 degrees C, since gamma 1 phase metamorphoses 
into eta phase which does not contribute to a consolidation, high temperature strength falls. Then, this 
invention alloy was able to control the transformation to eta phase by controlling the C value of an 
aluminum/Ti ratio. Moreover, it considered acquiring a good mechanical property by controlling the D 
value of a Ti/Nb ratio in a certain range by controlling the D value of (Hitachi Metals technical report 
No. 3 (1986)) and a Ti/Nb ratio from the knowledge of high elevated-temperature proof stress being 
acquired. 

[0018] Moreover, this invention alloy aims at raising oxidation resistance. Although Cr is effective in 
raising oxidation resistance, a coefficient of thermal expansion is enlarged. Then, this invention alloy 
was able to aim at coexistence of a low thermal expansion property and elevated-temperature oxidation 
resistance by finding out large nickel of the effectiveness of lowering a coefficient of thermal expansion, 
Co, and the optimal addition range of Cr. 

[0019] this invention person etc. was able to find out the high intensity heat-resistant alloy of a low 
thermal expansion excellent in the oxidation resistance which has the stable organization and a good 
mechanical property by controlling the amount and quantitative ratio of an element which constitute 
gamma' phase from the above examination result. 
[0020] 

[Embodiment of the Invention] Hereafter, the reason for component definition of this invention alloy is 
explained. Although C combines with Ti or Nb, and forms carbide, big and rough-ization of crystal 
grain is prevented and it contributes to improvement in reinforcement, since too much addition 
exceeding 0.2% decreases Ti and Nb of a base which act considering the carbide of Ti or Nb as increase 
and a precipitation-strengthening element and increases the coefficient of thermal expansion of an alloy, 
C may be 0.2% or less. The range of desirable C is 0.1% or less. 

[0021] Since Si promotes the deposit of the Laves phase which improves grain refining and the grain 
boundary configuration other than the effectiveness as a deoxidizer, and raises the reinforcement of a 
grain boundary, it is an indispensable alloying element. A Laves phase considers Fe2 (Nb, Ta) as a basic 
presentation, and Si dissolves to the Nb side and promotes a deposit. When an operation of this crystal 
stressing carries out little addition of the Si, effectiveness shows up. However, since too much addition 
exceeding 1.0% causes lowering of hot- working nature and high temperature strength, Si is limited to 
1 .0% or less. The range of more desirable Si is 0.2 - 0.6% of range. 

[0022] Since Mn is added as a deoxidizer, it is contained in an alloy, but since too much addition makes 
the coefficient of thermal expansion of an alloy increase, it is not desirable. Therefore, Mn is limited to 
2.0% or less. It is 1.0% or less more desirably. 

[0023] Cr is Cr 203 at the time of heating at high temperature. An oxide film is formed and there is 
work which oxidation resistance is improved [ work ] and raises high temperature strength. Therefore, 
although Cr needs addition exceeding at least 2.0%, too much addition exceeding 8.0% lowers the Curie 
point to reverse, and makes a coefficient of thermal expansion increase. For this reason, however it may 
adjust Fe which constitutes a matrix, and the ratio of Co and nickel, sufficient low thermal expansion 
property will no longer be acquired. Therefore, Cr is limited to 2.0% - 8.0% of range. The more 
desirable range of Cr of the desirable range of Cr is 2.5 - 4.5% 2.2 to 6.0%. 

[0024] aluminum is an element which constitutes gamma* phase which is the precipitation-strengthening 
mold particle which raises ordinary temperature and high temperature strength in this invention alloy, 
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and is the most important element in this invention. By aging treatment, aluminum deposits detailed 
gamma 1 phase of about lOnm of the diameter number of the presentations which consist of 3 (nickel, 
Co) (aluminum, Ti, Nb), and raises remarkably elevated-temperature tensile strength and the creep 
rupture strength of elevated-temperature long duration. If the concentration of aluminum in gamma' 
phase falls, gamma 1 phase will become unstable at an about 700-900-degree C elevated temperature, 
hexagonal eta (ITA) phase and delta (delta) phase of a prismatic crystal will deposit, and high 
temperature strength will fall remarkably. Therefore, in order to obtain high aluminum quantitative ratio 
in the inside of gamma 1 phase, aluminum needs addition exceeding at least 1.0%. 
[0025] However, even if the concentration of aluminum in gamma' phase increases too much, the 
gamma' phase itself is not fully strengthened and high temperature strength does not become high 
enough. Moreover, since too much addition exceeding 2.0% deposits gamma' phase so much and hot- 
working nature is reduced, aluminum is limited to 1.0 - 2.0%. 

[0026] Ti and Nb combine with C first, they form carbide, they combine with nickel, Co, etc. with 
aluminum so that remaining Ti and remaining Nb may explain below, they form gamma' phase, and 
strengthen an alloy. By aging treatment, Ti deposits gamma' phase with nickel, Co, aluminum, and Nb, 
and raises elevated-temperature tensile strength remarkably. Therefore, although the required amount of 
Ti is at least 1.2%, since too much addition exceeding 2.5% causes the increment in a coefficient of 
thermal expansion, and lowering of hot-working nature while making gamma' phase instability, Ti is 
limited to 1.2 - 2.5%. The more desirable addition range is 1.2 - 2.0%. 

[0027] Like Ti, by aging treatment, Nb deposits gamma' phase with nickel, Co, and aluminum, and 
raises **** reinforcement remarkably. A part of [ further ] Nb(s) have the operation which raises the 
reinforcement of a grain boundary, and have the operation which raises remarkably whenever [ elevated- 
temperature tensile strength and creep-rupture-strength ] while they deposit a Laves phase with a 
diameter of about several micrometers in a grain boundary and a grain and make crystal grain detailed. 
Therefore, Nb is taken as 3.0 - 6.0% of addition. The more desirable addition range is 3.5 - 4.5%. 
[0028] If it sees about the total amount of aluminum, Ti, and Nb which constitute gamma' phase and this 
will be increased, high temperature strength can be raised remarkably, and if the total amount of 
aluminum, Ti, and Nb exceeds 6.2%, higher high temperature strength will be obtained by depositing a 
lot of intermetallic compounds (delta phase, gamma' phase) at the time of aging treatment. Then, A 
value = (aluminum+Ti+Nb) of the total amount of aluminum, Ti, and Nb could be 6.2% or more. 
[0029] Moreover, aluminum needs to control strictly the rate of aluminum occupied to the addition of 
three elements of aluminum, Ti, and Nb which constitute the aluminum side out of [ other than the 
component convention by the above aluminum independent ] gamma' phase in order to deposit stable 
gamma' phase. 

[0030] When the quantitative ratio of aluminum occupied in addition 3 element is based on Nb, it is a 
mass % ratio and is expressed with B value =3.44aluminum/(3.44aluminum+1.94 Ti+Nb). If B value of 
this aluminum quantitative ratio is smaller than 0.3, reinforcement sufficient because gamma' phase 
becomes instability will no longer be obtained in the state of elevated-temperature long duration heating. 
On the other hand, if B value of this aluminum quantitative ratio exceeds 0.5, gamma' phase will 
become stability, but since a consolidation is not fully carried out, high temperature strength falls on the 
contrary. Therefore, in order to stabilize gamma' phase to a pyrosphere and to obtain reinforcement 
conventionally higher than an alloy, it is required for B value =3.44aluminum/(3.44aluminum+1.94 
Ti+Nb) to be within the limits of 0.3-0.5. More suitable range is 0.35-0.45. 
[0031] The C value of an aluminum/Ti ratio (atomic % ratio) is important when gamma' phase is 
constituted. Since gamma' phase will metamorphose into eta phase which is a stability phase which does 
not contribute to a consolidation when long duration maintenance is carried out at an elevated 
temperature 700 degrees C or more if the C value of an aluminum/Ti ratio is smaller than 1.1, there is a 
danger that high temperature strength will fall greatly. Moreover, if 1.8 is exceeded, gamma' phase will 
become stability, but since a consolidation is not fully carried out, reinforcement cannot fully be raised 
but high temperature strength comes to fall on the contrary. Therefore, C value of an aluminum/Ti ratio 
was set to 1.1-1.8. More suitable range is 1.3-1.7. 
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[0032] Moreover, it is important when the D value of a Ti/Nb ratio (atomic % ratio) also constitutes 
gamma 1 phase. If the D value of a Ti/Nb ratio is smaller than 0.4, the rate of Nb which dissolves to 
gamma' phase will increase, and proof stress will go up, but since cold-working nature and hot-working 
nature fall greatly, it is not desirable. Moreover, it is not desirable when it becomes easy to deform an 
ingredient plastically when carrying out a long duration activity at an elevated temperature, in order that 
proof stress may decline greatly, if the D value of a Ti/Nb ratio exceeds 1.0, and junction nature with the 
ceramics is called for in an elevated temperature. Therefore, the D value of a Ti/Nb ratio was set to 0.4- 
1.0. More desirable range is 0.6-0.8. 

[0033] nickel constitutes a matrix with Co and Fe and Fe and the ratio of Co and nickel affect 
remarkably the deposit gestalt of the coefficient of thermal expansion of an alloy, and an intermetallic 
compound. Although this invention alloy contains many precipitation-strengthening elements, such as 
Ti, Nb, and aluminum, in order to give the high temperature strength of the highest level conventionally 
exceeding an alloy, it finds out the rate of Fe, Co, and nickel which are not in an alloy conventionally 
simultaneously, and enables coexistence of high elevated-temperature tensile strength and a low 
coefficient of thermal expansion. That is, the amount of deposits of a detailed spherical Laves phase 
increases, it is useful to crystal stressing with Fe of this invention alloy, amount, and rate of Co and 
nickel, and hot creep-rupture-strength reinforcement is raised. 

[0034] Since nickel is also the configuration element of gamma 1 phase, also after gamma' phase fully 
deposits and deposits, sufficient amount of nickel from which a base can serve as a stable austenite 
phase is required for it. Therefore, the required amount of nickel is 30% or more. Since 35% or more of 
nickel makes a coefficient of thermal expansion increase and decreases the amount of deposits of a 
Laves phase, detailed-izing and crystal stressing of crystal grain become difficult, and it becomes 
impossible conversely, to attain the object of this invention. Therefore, it is important for nickel that it is 
30 - 35%. The range of desirable nickel is 30.5 - 32.5%. 

[0035] Co as well as nickel constitutes a matrix with Fe, and is useful to lowering of a coefficient of 
thermal expansion, and the deposit of a Laves phase. A part of [ further ] Co(es) dissolve to the nickel 
side in gamma' phase. Therefore, Co needs 20% or more of addition. Conversely, addition of Co 
exceeding 30% imitates the increment in a coefficient of thermal expansion, and lowering of the high 
temperature strength accompanying too much Laves phase deposit, it is that of ** and Co is taken as 20 
- 30% of range. The desirable range of Co is 22 - 28%. 

[0036] Although Mo and W are not indispensable alloying elements in this invention alloy, they can 
strengthen a matrix with adding one sort in both, or two sorts, and can raise hot reinforcement more by 
it. However, since both both raise the coefficient of thermal expansion of an alloy, too much addition is 
not desirable. Both are congeneric elements and Mo of W is advantageous in oxidation resistance from 
the field of specific gravity. When adding Mo and W in this invention, it considers as 3.0% or less of 
addition by (Mo+0.5 W). If it is this amount, high temperature strength will improve without injuring the 
thermal expansion property of this invention alloy, oxidation resistance, and especially specific gravity. 
[0037] B and Zr are one sort or two sorts of addition, they are segregated to the grain boundary, raise 
grain boundary reinforcement, and contribute to improvement in hot- working nature and creep rupture 
strength. Since the effectiveness shows up from addition of a **** minute amount, a lot of addition 
reduces the initial melting temperature of an alloy conversely and hot-working nature is injured, in B, it 
limits to 0.02% or less, and, in the case of Zr, limits to 0.1% or less. 

[0038] Moreover, one sort of Y and a rare earth metal (REM) or two sorts are Cr 203 by respectively 
independent and compound. Since adhesion is increased and it contributes to an oxidation-resistant 
improvement, it can add as a selection element. Although the effectiveness of an oxidation-resistant 
improvement of Y and REM shows up from both very little addition, since Y or REM, and the 
intermetallic compound of nickel, Fe, and Co are crystallized and the eutectic temperature becomes 
lower than the hot- working temperature of an alloy, too much addition reduces the hot-working nature 
of an alloy. Therefore, Y takes and REM is taken as 0.2% or less of addition 0.2% or less. 
[0039] Furthermore, as a selection alloying element, adding one sort of Mg and calcium or two sorts has 
respectively independent and the effectiveness which raises the hot-working nature of an alloy, and 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



4/13/2006 



JP,2001-234292,A [DETAILED DESCRIPTION] 



Page 6 of 9 



elevated-temperature ductility while heightening the deoxidation / desulfurization effectiveness by 
compound. Therefore, Mg can be added and calcium can be added in 0.02% or less of range 0.02% or 
less. 

[0040] Although it will not become especially a problem on a property if the following alloy element is 
contained in the range shown below besides an above-mentioned addition alloy element, the one as 
much as possible where all are lower is desirable. Everything but O<=0.005 and the element described 
N<=0.005% or more is constituted from mass % by Remainder Fe V<=1%, Cu<=l%, Re<=l%, 
Hf<=0.2%, P<=0.01%, and S<=0.005%. 
[0041] Next, the reason for having specified the property of this invention alloy is explained. Since an 
ingredient will become soft in case it is an activity if high temperature strength is low, it stops achieving 
the function as joint material. As reinforcement demanded in order to achieve this function, the elevated- 
temperature tensile strength in 800 degrees C specified 500 or more MPas. 

[0042] Moreover, if a hot coefficient of thermal expansion becomes large, since it will become difficult 
to keep constant the path clearance between each part article or a member from ordinary temperature to 
an elevated temperature, a low coefficient of thermal expansion with the alloy near the ceramics etc. is 
required. Then, the 30-500-degree C average coefficient of thermal expansion was specified less than 
[12xlO-6/degreeC]. 

[0043] Furthermore, if the alloy which is not oxidation-resistant fitness is used in an elevated 
temperature, the adhesion of the oxidizing zone to form is inadequate, and since an oxidizing zone 
exfoliates, it will become difficult for junction between each part article or a member to deteriorate, and 
to keep path clearance constant from ordinary temperature to an elevated temperature. Then, it is 
oxidation loading after lOOhr heating in 800-degree C atmospheric air as a numeric value which is 
precise, forms the good oxidizing zone of adhesion, and shows good oxidation resistance 3.0 g/m2 It 
considered as the following. 

[0044] As for the ingot of this invention alloy, being manufactured by vacuum melting is desirable 
When ingot weight is 200-300kg or less, a property only with the vacuous good 1-time dissolution is 
acquired, but when manufacturing the ingot of bigger weight than it, manufacture of the ingot by high 
remelting of organization improvement effects, such as electroslag remeltin^a nd vacuum arc remelting, 
is more desirable. 

[0045] Hot forming is possible for such an ingot by the same hot-working process as usual superalloy. 
Furthermore, shaping between the colds can be added if needed, and the target product configuration can 
be made. A solution treatment is performed in the temperature requirement where gamma' phase fully 
dissolves while a Laves phase remains or deposits. The desirable temperature of a solution treatment is 
850-1 100 degrees C. When hot working before a solution treatment can substitute for a solution 
treatment, it may omit a solution treatment. Aging treatment is carried out at the temperature which 
gamma 1 phase has consistency enough with a base, and deposits as about several lOnm detailed deposit 
particle. The desirable temperature requirement of aging treatment is 600-850 degrees C. 
[0046] 

[Example] It dissolved with the vacuum induction melting furnace, and the alloy of the chemical 
composition shown in a table 1 and a table 2 was made into the 10kg ingot. No. 1-9 are this invention 
alloy and No.l 1 are the conventional alloy given in said JP,6-228714,A. No. of a comparison alloy - the 
Cr additive-free alloy with which 21 and 22 are similar to an alloy given in said JP,53-6225,A, and 
No.23 are similar to No.22, and No.24 are the alloys of the component equivalent to WASPALOY of 
nickel **-SU. Moreover, it combines with a table 2 and the calculated value of said A, B and C, and a D 
value is shown. 
[0047] 
[A table 1] 
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c 


Si 


Mn 


Ni 


Cr 


W 


Mo 


Co 


Al [ 


Ti 


Nb 


B 




No.1 


0.035 


0.45 


051 


315 


65 






23* 


1.08 


1.18 


4.43 


0.005 




No5 


0.035 


0.42 


0.10 


315 


5* 






23* 


1.19 


1.35 


4:07 


0.004 


* 


No.3 


0.038 


0.50 


0.18 


30.1 


3* 






23* 


1,18 


1.29 


3*2 


0J0O4 




No.4 


0.034 


0.35 


0.15 


31.3 


4.1 






24.0 


1.42 


1.51 


3.62 


0*06 




No5 


0.039 


0.48 


0.22 


31.7 


5J0 






26.3 


151 


1*1 


4.51 


0*04 




No6 


0039 


0.61 


0.18 


32.6 








25.1 


1.41 


1*8 


4.01 


0*05 




No.7 


0034 


045 


0.15 


345 


75 






25.4 


158 


1.51 


3.91 


0.004 




No* 


0.033 


0.42 


0.12 


30* 


3.1 






235 


1.31 


1.48 


3.64 


0.003 




No* 


0.041 


0.41 


0.31 


315 


45 


0J8 


1 


225 


159 


1*9 


3.91 


0*05 




No.11 


0.033 


i 041 


051 


28.8 


6.0 






25.0 


1.10 


1J00 


3.90 


0*03 




No51 


0.021 


0*9 


0.18 


33.9 


2.0 






19.7 


0*2 


1.49 


1*8 


0.004 




No52 


0.023 


0.11 


051 


38.3 


3.0 






15* 


0.95 


1.39 


1 351 


0.003 


No53 


0.035 


0.42 


0.19 


285 


0.0 






195 


0.60 


1*8 


450 


0.005 




No.24 


0.027 


0.02 


0.01 


BaJ. 


14.5 




4.3 


13.4 


1.47 


3.12 




0*05 



;0048] 
A table 2] 





Zr 


Y 


REM 


Mr 


Ca 


Fe 


A* 








No.1 






0*2 


0.001 




BaJ. 


6.69 


0*6 


1.69 


052 


No5 








0.001 




Bat. 


6.61 


0*8 


1.63 


0.64 


No* 








0.002 




Bal. 


659 


0.39 


1.70 


0.66 


No.4 








0.001 


0.002 


Bal. 


655 


0.43 


1.74 


0*1 


No.5 




0*1 




0.003 




Bal. 


7.03 


0.37 


1.71 


056 


No.6 


0.03 






0.001 




Bal. 


7.30 


0.39 


1.39 


0*1 


No.7 








0*01 




BaL 


6.70 


0.39 


156 


0.75 


No* 








0*02 


0.003 


Bal. 


6.43 


0.41 


1.63 


0.79 


No* 








0.002 




Bal. 


659 


0.40 


1.73 


0.69 


No.11 








0*01 




Bal. 


6.00 


0.39 


2.04 


050 


No51 








0*03 




Bat. 


4.19 


0*7 


1*4 


150 


No52 








0.002 




Bal 


555 


0.36 


154 


0.85 


No53 








0.002 




Bal. 


6.18 


053 


0*0 


0.64 


No.24 








0.002 




0.5 


459 


0.46 


0*7 





Affl:[AUS]+[Ti«+[NbX] 

Bfi: 3.44i[All]/{3.44^]+1*43^Ti%]+[Nb%]) 



C{fi:[Al at«/[Tiatt] 
Dffi: [Ti at«/[Nb atH] 

[0049] Cogging of the ingot of each above-mentioned alloy was carried out between heat, and it was 
made into the sample of 30mm angle. Then, the solution treatment which carries out after [ 980 degree- 
Cxlhr maintenance ] water cooling of all the alloys was performed. Aging treatment cooled the alloy of 
No. 1-9, and 1 1, 21-23 to 620 degrees C with the cooling rate of 55 degrees C/hr after 720 degree-Cx8hr 
maintenance, and heat-treated air cooling after 8h maintenance succeedingly. After carrying out after 
[ 843 degree-Cx4hr maintenance ] air cooling of the No.24 alloy, it performed two-step aging treatment 
which carries out after [ 760 more degree-Cxl6hr maintenance ] air cooling. 

[0050] About each of this test piece, ordinary temperature and a hot tension test, thermodilatometry, and 
an elevated-temperature anti-oxidation trial were performed. The elevated temperature tensile test was 
carried out based on the test method of ASTM in 800 degrees C with the parallel part diameter of 
6.35mm, and the test piece for tensile test of 25.4mm of gauge length, and measured tensile strength and 
0.2% proof stress. Measurement of a coefficient of thermal expansion measured the average coefficient 
of thermal expansion to 30 degrees C to 500 degrees C, and 800 degrees C with differential 
thermodilatometer. After the anti-oxidation trial heated 800 degree-CxlOOhr for the round bar test piece 
with a diameter [ of 10mm ], and a die length of 20mm in the ambient atmosphere in atmospheric air, it 
measured the oxidation loading value and evaluated oxidation resistance. A mechanical property is 
shown in a table 3. 
[0051] 
[A table 3] 
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■ ■■■ 






WJl(MPa) 


3l?63££(MPa] 














No.1 


1051 


1425 


0.74 


20.3 


532 


623 


0.85 


47.1 




No.2 


1109 


1429 


0.78 


15.9 


551 


612 


0.90 


41.3 


* 


No.3 


1079 


1399 


0.77 


15.1 


445 


502 


0.89 


58.2 




No.4 


1085 


1425 


0.76 


14.2 


439 


509 


0^88 


60.2 


No.5 


1135 


1462 


0.78 


12.9 


572 


O0_> 


0.88 


32.5 






1062 


1432 


0.74 


19.5 


592 


675 


0.88 


35.7 




No.7 


1095 


1418 


0.77 


15.2 


524 


605 


ntn 
u.o / 




No .8 


1042 


1421 


0.73 


20.5 


449 


511 


0.88 


55.9 




No.b 


1060 


1413 


0.75 


19.8 


465 


535 


0.87 


54.8 


ma* 


No.11 


952 


1279 


0.74 


25.1 


1 352 


409 


0.86 


134.8 




No.21 


940 


1261 


0.75 


17.4 


i 147 
180 


195 
248 


0.75 
0.73 


172.1 
164.2 


No.22 
No.23 


938 
1067 


1265 
1382 


0.74 
0.77 


20.8 
20.1 


201 


274 


0.73 


152.9 




No.24 


935 


1352 


0.69 


28.6 


625 


730 


0.86 


22.8 



[0052] From a table 3, if the tractive characteristics of ordinary temperature are seen first, the tensile 
strength of alloy No. 1-9 of this invention is 1400MPa bases, and has high reinforcement as compared 
with conventional alloy No.1 1 of a 1200 - 1300MPa base, or comparison alloy No.21-24. The same is 
said of proof stress. 

[0053] Also in the elevated-temperature tensile strength of 800 degrees C, although this invention alloy 
is inferior to comparison alloy No.24 (WASPALOY) of typical nickel radical heat-resistant alloy, it has 
dramatically excellent tensile strength and a proof stress ratio (proof stress/tensile strength) in Fe radical 
heat-resistant alloy of low thermal expansion. 

[0054] That is, if it sees with elevated-temperature tensile strength, each this invention alloy No. 1-9 
shows the tensile strength of 500 or more MPas, and it has good elevated-temperature tensile strength. 
Although this value is lower than comparison alloy No.24 (WASPALOY) of nickel radical, it is the 
reinforcement which was not obtained in the conventional low expansion alloy as a Fe radical alloy. 
Alloy No.6 with highest A value also in this have the highest elevated-temperature tensile strength. On 
the other hand, as for alloy No.2 with B value and C value higher even if A value is high, or No.7, 
reinforcement becomes a little low as compared with No.6. Moreover, No.2 with few amounts of Cr(s) 
also in an invention alloy, No.3, and No.8 show lower elevated-temperature tensile strength. The above- 
mentioned data show that Cr has effectiveness in improvement in elevated-temperature tensile strength. 
On the other hand, the elevated-temperature tensile strength of comparison alloy No.2 1-23 is about 200 
to 270 MPa. Thus, this invention alloy shows good elevated-temperature tensile strength, because all the 
default value of A, B, C, and D other than a chemical entity is satisfied, conventional alloy No.1 1 - 
everything but the amount of Ti - A value » in comparison alloy No.21, since No.23 have B value and 
low C value, as for No.22, elevated-temperature tensile strength is [ A value and C value / A value ] all 
low. 

[0055] Hot 0.2% proof stress is also higher than conventional alloy No.1 1 and comparison alloy No.21- 
23, and even if it sees that of this invention alloy No. 1-9 by the proof stress ratio (proof stress/tensile 
strength), it is farther [ than No.2 1-23 ] high, this invention alloy has reinforcement high from ordinary 
temperature to an elevated temperature as mentioned above. 

[0056] The data of a coefficient of expansion and oxidization loading are shown in a table 4. 

[0057] 

[A table 4] 
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500*0 


800*0 


— ggmgg — i 
(800 uX 
lOOhr) 






/t;(xio-6) 


a; (x 10-6) 


(Bia/C«2) 




No.l 


11.2 


14.8 


0. 16 




No. 2 


10.9 


14.6 


0. 18 


* 


No. 3 


10.5 


14.8 


0.15 




No. 4 


10.6 


14.7 


0.11 


« 


No.S 


11.1 


14.9 


0. 06 




No. 6 


11.3 


14.9 


0.06 




No. 7 


11.4 


15.0 


0.05 


No.S 


9.6 


14.6 


0.24 




No. 9 


9. 4 


1 A fi 


n 17 




No. 11 


11.6 


15.2 


0.21 




No. 21 


12.2 


15.6 


0.25 




No. 22 


12.6 


16.1 


0.21 


No. 23 


7.3 


12.4 


21.4 




No. 24 


13.8 


15.8 


0.43 



[0058] if a coefficient of thermal expansion is seen « this invention alloy ~ 30-500 degrees C - setting - 
- 9.4 - 1 1.4xl0-6/degree C and 30-800 degrees C - setting - about - 14.8x1 0-6/degree C - it is 
conventional alloy No.l 1 and comparison alloy No. — a low thermal expansion almost equivalent to 21 
and 22 is shown. This value is a value lower than No.24 of nickel radical. Moreover, since comparison 
alloy No.23 do not contain Cr, although a coefficient of thermal expansion is low, it is remarkably 
inferior in the following oxidation resistance. 

[0059] If it sees about oxidation resistance, although the coefficient of thermal expansion of No.23 alloy 
which made Cr additive-free as mentioned above is low, since it is Cr additive-free, oxidation resistance 
will fall, this invention alloy has the oxidation resistance more than an EQC as compared with 
conventional alloy No.l 1 and comparison alloy No.21-23, and even if it compares with No.24 alloy 
(WASPALOY) which is the representation of the conventional nickel **-SU alloy, it has higher 
oxidation resistance. 

[0060] this invention alloy is Fe radical heat-resistant alloy which has the reinforcement higher than 
these alloys from ordinary temperature to an elevated temperature as mentioned above, having a 
coefficient of thermal expansion equivalent to the conventional low thermal expansion heat-resistant 
alloy. Moreover, also in elevated-temperature oxidation resistance, an alloy and nickel radical heat- 
resistant alloy are excelled conventionally. 
[0061] 

[Effect of the Invention] If the alloy of this invention is used for the application of gas turbine 
components, a ceramic joint article, a cemented carbide joint article, etc. Can be simultaneously satisfied 
with an alloy of the high high temperature strength which was not obtained, high elevated-temperature 
oxidation resistance, and a low thermal expansion property conventionally. From ordinary temperature 
to an elevated temperature with high intensity And the adaptation of the long duration to a required 
structural material of maintaining the path clearance prepared between various kinds of members or 
components to a constant rate from ordinary temperature to an elevated temperature is attained. 
Moreover, on the occasion of junction into the ceramics or a low thermal expansion ingredient like 
cemented carbide, reliable junction can cover long duration with high intensity. Furthermore, if it is the 
components which employed efficiently the feature of the high temperature strength which an invention 
alloy has, oxidation resistance, and a thermal expansion property even if it faces application on 
components other than these applications, a property with good all will be acquired. 



[Translation done.] 
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P F 2 3^1*1**3 N0 2 i§j£**. -f — <f^X 

yy> i e>mmm*t>m. vtz p M«>iHU!t£(c&8 

ate J: ft) ] I2TF. *&fcfcPMOMfltffcSfcsBJK:N 
0 2 t « „ ;fpJ!?)#§§« 2 7 £ISftii$-ttft 

«iB*«ssiiTv^ft. 049, m*>i?ymm 

8ftM& 2 2 <^)±8Bl3&»fe#AS<ift 4 a LT ft ft . 
[003 1] £<0«ASESW>*Afc J: 0 . SMU^Ah 

ft. H2*>70-**-Mi. icOii^S^h^-yr 

[0 0 3 2] H7n-f-+-hfcifc-?$aWHSi5*h 
y •vT<r>mzr>^xwm-ti\f. 4\ f<-fe';i/xy 

i t>K m$Ln%.mzm\ mzztix^&tt 

ft. 

[0033] zcok « . 5/y y^6*>A,»aj5fi^SW 
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7(4. 7-tfiBteflll 0O7-t> 1 2. 5, 

9M N»»S#ift. *-*ate«i o 

14. 7-t*yi 2fcift3>TPy1M lOifflBtJ: 
[0 034] -5-LT, *Mf**«SMf*iWfciKI2 0 Srii 

»^+^> p M*>m^D p f 2 3 xnmz 
*i. mPMm&<n&ttsm23X'&&ztLhNo 

10 [0035] &;b*> . 4>, *^il«T ( iSS-fe y-* 
2 4miJS*l6iB«) tf. B?-fk«^2 20gjl^vStt 
itm® (Hitf3 0 O'CSrTSftaS^) (Cftfcil 
(Xf'/TSl) , DPF2 3<0APtS£A-tftNO 2 
»ftR (N02-fey-t2 5t'^tii$nft«JS) *^ W 

( [NO2] : xyyy®S^SS*^^^PM*;l/iR 
Jgc02fg) SSBiftaUSCfitfctlT (Xfv7S2) 

ftk-fft. 

[00363 -tfti;. ECU3 0J4. ^Oxy^'yae 
20 D P F 2 3 «0®RS4iaSffl«S-«O*t1SfcJ> 

ftkfJ^tT. #g«2 7$- r^j tltft (Xf77S 
3) . 

[0037] itfDk *J4. SWX<7)iag{4(S^c7)-C ( 3 
0 0r*il) , SWXJW13IS2 0J4. BuS^bMli 
22(iZtSWX, ffl%tfZ*c?)NO£N02&X'mtmt 
ftRK ( N O+I/2O2 ^N0 2 ) tf+ftt,Zfi%htl 
ft. ZCDNOzt,Z£*). f|fcgc7)DPF23tfc 

OT, «f»§^/cPMS:*S!SMKC (K^kRJS: C+2N 
O2-CO2+2NO) S-g-ftkv^d. JiMW^PM^K 
30 ftdi*^**)^*. 

[0038]-*. iij*^aK«t«tJ: "j . »xr^a 

BTimffltfX&tif. ( 3 0 0°C ) liLhtc±#L. Kfl: 
j94^2 2 tfcttft NO & NO2 *-CUMbS*ftRl63WIE 
TL Uf77Sl) . S^CPM^b^iK'i®^ 
N0 2 «S*ii|«S^ : 5:< Ur>y7-S2) ^fcfc-T 
ft. 

[0039] i<0kl=W4. ECU3 0(4. ZBHk^S 
«PFJ£*»fe D P F 2 3<OJiKB^3!(«ft*V^«»fc:*r) 

40 4) . 

[ 0 0 4 0 ] -Tft t , ^-dQUftll 1 OT'JSI&S^W 

* { . ^«AW2 6^3itT. K^t««2 2c0±a^ 
A$ixft. 

[0041] -IfiKJ: 0 . H««2 2(4. &A£5Ue 
iO^a^a. N05:N02fc^tR]£§*ftW{cS:a 

<fcRI&WE3H«f*ift. t^ft^. N0 2 *>^NO^o^)» 
50 RjC(4W^.feitft. 
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c o o 4 2 ] z<d± o %tmm.m%--fcizmzii 
hztizx*)^ m#zm.Ti)tm< 1 1> . wm$& 2 2 

C0043] -C-LT, ,T<9NChfr\ f£&tf)DPF23 

^K^is^^io. ftmmmztiz. zn 
it) zitmizmmzNOzWimmuztih. .ton 

OzizX*). DPF23 fcttV vC^S P Mtf+tffciHfc 
[ 0 0 4 4 ] *»< LT . 2m<D&AK J: "5 , Sf#X<0& 

#*>&#<^ d p f 2 3X'+tt%PMcomim&tfm 

[0045] ZCDZblzX*). DPF230^S4S 

[ 0 0 4 6 ] «f(=, «A^* J t?t<o-r^ffl#fflt . S 
#fc«fldH^2fcDPF2 3fc^2O0Rj65R£«* 

sikj^** (ma&fjntm±.) . 03 

(a) liPM (C) bNOzl<?>KmX''+T%htl&PM 
(Dmtmi^l. (b)liPM (C) fcOtfcOEJffC 
PMfffcWi* PMtfMWW**U. ( c ) tiWRJfc^ 

V>*. (c)i^(a), (b) mikt&ZblzX 
ot. O2*«D!^2 2i:DPF2 3<0^-Ci^4) 
■fH»J • IBWani<0*SStt*»4>, *fc ( a ) t ( b ) fc 

tmitz&±.<?)PMmm ( pmjwmb*) jw#s>*u 

titzZbtmmtite CJ^KKfcJ:*) . fiu pm 
M#ii« r Mftfrf*p MitstJl^A/Mfr^ p m 

[0047] *^)d£, SHLJW22. DPF23H:, 
»A2SU= J: X *) , SRS&fk^fc: J: 

[ 0 0 4 8 ] S fc»A2SMi . r 4 — b';H> S/> 1 1 

m^s^t-*>& io*. *<oa*. 

mix. Rfla«2 2<&±S^A**J:3teLfc*> 

[ o o 4 9 ] *ftm±±MLt:mmmtzmfcis 
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s^as «t 3 iz LKtf. wMnmmm^ 

[0050] 

[#?!*)»*] fiUJWJU: J: 3 Cdfc&S 1 £GR<?>» 

wizss&nmuzxtui. m^vmuzx o . 
[0051] itztt^x. wn. pftjmim® 

&Ktf 3 0 0 XmWiW&m ) T'UVN-r^aU- 
Ts *W»Mi*. »^*K*»3 0 0-CJ: 0 ifc^il 

mmmx'hmimm>m.immm.^zmx% & 
ox. mfc^mmmmxy aw <rmm^x% & . 

L*»i, ^A^* { , MttSmb y oWnWiX'tfi: 

^Hiik*^**. e-fkj*ii. 
[0052] m*«2 tciea<o««fc:iitHr. ±isas 

Sm<0-SI5S:18^L«!«<D±a^A$-fr&J: afcLfc<0 

A* 5 t-^ h b\^tm%&m$h . 

30 [0HOlS#^iftBB] 

[01 1 *9tfM>-mBm£&iwz&ttx*i* 
mmmmn-mtzx. wvb 0. 

[02] |g»^mk^Sl<oa^|f4|g^Sr. Mxco 

— b. 

[03] Hasesifeifiaa*. 'j^^arcwASsiKJ: 

40 1 o-t-xmm (mm) 
1 5-ssi« m#zm) 

2 2- -mem 

2 4-ias-ty-t 

2 6, 2 7-asSWA«. #SS(S5v«A#S) 

3 0-ECU (Mfl^lS) . 
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C(sVN02 
(0) 



C(s}/0 2 
(b) 







! 0 C (s) /N02& 




; E3 C (a) /02* 
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C(s)/N0a/02 
(0 



PM#<y*=A/B : 

A : 20lftffO&PM*aft<Z>£ ; 



F^-A(##) 3G005 DA02 EA04 EA14 EA16 FA35 

GB17 HA18 HA19 JA16 JA35 

3G090 AA01 BA01 CB18 DA10 DA12 

EA02 EA05 
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